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SYSTEM AND METHOD FOR OPTICAL MONITORING 
OF A COMBUSTION FLAME 

CROSS REFERENCE TO RELATED APPLICATIONS 

This Application is a Continuation-In-Part of commonly assigned Brown, U.S. 
application Ser. No. 09/973,432, filed Feb. 27, 2001, which is a Continuation-In-Part of 
commonly assigned Brown, U.S. application Ser. No. 09/246,861, now U.S. Patent No. 
6,239,434, filed Feb. 8, 1999, each of which are incorporated by reference herein. 
BACKGROUND OF THE INVENTION 

The invention relates generally to optical flame detection. 

Flame temperature sensors are needed for control ling a wide range of combustion 
processes. Some combustion processes that require tight control of fuel-to-air ratios for 
increased fuel burning efficiency and reductions in emission pollution are present in, for 
example, building heating systems, jet aircrafts, locomotives, and fossil fueled electric 
power plants and other environments wherein gas and/or steam turbines are used. 

Unnecessarily high combustion temperatures can compromise fuel efficiency and 
increase emission pollution. For example, in a gas turbine designed to emit nine nitrogen 
oxide (NOx) particles per million (ppm), an increase from 2730° F (1499° C.) to 2740° F. 
(1504° C.) reduces turbine efficiency by about two percent and increases NOx emissions 
by about two ppm. 

Previous silicon carbide flame detectors such as described in Brown et al., U.S. 
Pat. No. 5,589,682, issued Dec. 31, 1996, detect the presence of a flame and measure the 
intensity of the flame's photon flux over a wide range of wavelengths. The measured 
intensity, however, does not always correlate to flame temperature, because intensity is a 
function of the number of emitting molecules or the amount of fuel being consumed. A 
ratio of two signals is required to cancel the intensity or fuel factor. 

In commonly assigned, Brown, U.S. application Ser. No. 09/561,885, filed May 1, 
2000, a continuation-in-part of aforementioned Brown, U.S. Patent No. 6,239,434, an 
optical spectrometer for combustion flame temperature determination includes at least 
two photodetectors positioned for receiving light from a combustion flame and having 
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different overlapping optical bandwidths for producing respective output signals; and a 
computer for obtaining a difference between a first respective output signal of a first one 
of the at least two photodetectors with respect to a second respective output signal of a 
second one of the at least two photodetectors, dividing the difference by one of the first 
and second respective output signals to obtain a normalized output signal, and using the 
normalized output signal to determine the combustion flame temperature. 

Although the method and system described above provide enhanced flame 
temperature measurement over conventional methods, disadvantages exist regarding the 
complexity and cost of multiple photodetector systems. Accordingly, there remains a 
need in the art of optical flame temperature measurement for a system which provides 
accurate measurements in a more efficient manner. 
BRIEF SUMMARY OF THE INVENTION 

It is therefore seen to be desirable to have a more direct temperature 
determination technique. 

Briefly, in accordance with one embodiment of the present invention, at least two 
photodetectors are positioned for receiving light from a combustion flame, each of the at 
least two photodetectors having a different, overlapping bandwidth for detecting a 
respective output signal in an ultraviolet emission band. A computer then calculates a 
ratio of integrated intensities for each of the different overlapping bandwidths, and uses 
the ratio of integrated intensities to determine a temperature of the combustion flame 
temperature. 

In accordance with another embodiment of the present invention, a multiple 
element CCD-based spectrophotometer receives light from the combustion flame, 
wherein the multiple element CCD-based spectrophotometer operates to monitor an 
optical emission spectrum in at least first and second discrete bandwidth ranges and 
generates a first intensity signal representative of the flame intensity in the first 
bandwidth range and a second intensity signal representative of the flame intensity in tht 
second bandwidth range. A computer integrates the first intensity signal to generate a 
first integrated intensity, integrates the second intensity signal to generate a second 
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integrated intensity, calculates a ratio of integrated intensities of the first and second 
integrated intensities, and then uses the ratio to determine a temperature of the 
combustion flame, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel are set forth with particularity 
in the appended claims. The invention itself, however, both as to organization and 
method of operation, together with further objects and advantages thereof, may best be 
understood by reference to the following description taken in conjunction with the 
accompanying drawings, where like numerals represent like components, in which: 

FIGS. 1 and 2 are sectional side and top views respectively of photodetectors used 
in accordance with one embodiment of the present invention. 

FIGS. 3-6 are graphs illustrating line intensity and distribution of an OH emission 
at four temperatures. 

FIG. 7 is a graph illustrating an example of how regions of the OH band could be 
subdivided in order to obtain multiple ratios using these segments.. 

FIG. 8 is a block diagram of a signal processing technique for analyzing the 
spectrum using the photodetectors of FIGS. 1 and 2 in accordance with an embodiment of 
the present invention. 

FIG. 9 is a simplified block diagram illustrating an alternative embodiment of the 
flame temperature detection system of the present invention. 

FIG. 10 is a graph illustrating normalized line intensity and spatial distribution of 
the ultraviolet emission band between 280 and 340 nm at six discrete temperatures. 

FIG. 1 1 is a graph of integrated intensity ratio data for two sets of temperature 
sweeps. 

FIG. 12 is a graph of temperature versus measured ratio for the data of FIG. 1 1 . 
DETAILED DESCRIPTION OF THE INVENTION 

In accordance with one embodiment of the present invention, FIGS. 1 and 2 are 
sectional side and top views respectively of an optical spectrometer 100 for combustion 
flame temperature determination. Spectrometer 100 includes at least two photodetectors 
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(shown for purposes of example as four photodetectors 1, 2, 3, 4) positioned for receiving 
light 14 from a combustion flame, each of the at least two photodetectors having a 
different bandwidth for detecting a respective output signal within the OH emission band 
and a computer 34 (shown in FIG. 8) for subtracting a respective output signal of a first 
one of the at least two photodetectors from a respective output signal of a second one of 
the at least two photodetectors to obtain a segment signal, and using the segment signal to 
determine the combustion flame temperature. 

The OH emission band for wavelengths in the 310 nanometer (nm) range includes 
a series of fine emission lines which are produced by various transitions between energy 
levels of the OH molecule. Both rotational and vibrational transitions occur. The OH 
molecules in combustion flames have emission characteristics which reflect the 
combustion flame temperature. The intensity and distribution of these lines in the OH 
emission band in the 310 nm range is shown for four temperatures in FIGS. 3-6. The 
temperatures between 1500 degrees Kelvin and 3000 degrees Kelvin are typical flame 
temperatures for a gas turbine combustor. 

Gallium nitride (GaN, Eg=3.4 eV) has a maximum wave length of absorption of 
about 365 nanometers. That is, GaN is transparent for wavelengths longer than 365 
nanometers. Aluminum nitride (A1N, Eg=6.2) has a maximum wave length of 
absorption of about 200 nanometers. A class of alloys of GaN and A IN designated Al 
are direct bandgap materials with bandgaps variable between the two extremes of GaN 
and A1N depending on the amount of aluminum in the alloy. The semiconductors of 
these alloys have optical transitions directly from valance band to conduction band and 
do not require phonon assistance for transitions (as compared with silicon carbide where 
such assistance is required). The cutoff in responsivity is therefore sharp and thus 
provides for high resolution. Although a specific embodiment of the invention is 
discussed in terms of Al other alloys can be used with direct bandgap alloys being 
particularly useful. 

An array of photodetectors 1-4 (FIGS. 1 and 2) can be used to detect the flame 
intensity (light 14) in different segments of the OH emission band. The photodetectors 
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may comprise photodiodes or phototransistors, for example. In a preferred embodiment, 
each photodetector includes alloys which have different bandgaps so as to produce a 
substantially similar minimum wavelength of optical responsitivity and a different 
maximum wavelength of optical responsitivity. 

For example, with respect to FIG. 1, each of two photodetectors 1 and 2 is 
positioned on a substrate 10 comprising a substantially transparent material which can 
withstand the combustion environment. One such material, for example, is sapphire 
having a thickness ranging from about 125 micrometers to about 750 micrometers. A 
first n type semiconductor layer 1 14, 214 includes aluminum gallium nitride and has a 
thickness ranging from about 0.5 micrometers to about 5 micrometers. If the 
combination of elements results in an alloy of Alo.35Gao.65N, a maximum wavelength of 
absorption of the first semiconductor layer (and thus a minimum wavelength of optical 
responsivity of photodetector 1, 2) is established at about 290 nanometers. That is, the 
alloy will be substantially transparent to wavelengths above 290 nanometers and absorb 
wave lengths below 290 nanometers. Second lightly doped p or n type semiconductor 
layers 116, 216, in this embodiment, comprise aluminum gallium nitride with different 
compositions of aluminum providing varying maximum wave lengths of optical 
responsitivity of the photodetectors and a thickness ranging from about 0.2 micrometers 
to about 1 micrometer. In the embodiment of FIG. 7, the maximum wavelengths of 
optical responsivity vary from 319 nanometers, 314 nanometers, 310 nanometers, and 
306 nanometers. Optional third p type semiconductor layer 1 18,218 may then he 
supported by second semiconductor layer 1 16,216 and comprise gallium nitride. In the 
embodiment of FIG. 1, a first contact pad 120, 220 is supported by first semiconductor 
layer 1 14, 214, and a second contact pad 124, 224 is supported by first, second, and third 
semiconductor layers. The first and second contact pads in one embodiment comprise a 
metal, an alloy, or layers of metals or alloys including materials such as titanium, nickel, 
aluminum, or gold, for example, having a thickness ranging from about 1000 angstroms 
to about 5000 angstroms. Additionally, a buffer layer 112, 212 of aluminum nitride may 
be present between the first semiconductor layer and the substrate. In one embodiment, 
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the buffer layer has a thickness ranging from about 0.2 micrometers to about 1 
micrometer. Alternatively, a filter may also be positioned in place of one of the buffer 
layers 1 12, 212. The filter is used to remove wavelengths which are shorter than the 
desired minimum wavelength. 

In another embodiment of the present invention photodetector 1 includes a first n 
type semiconductor layer 1 14 consisting of AlGaN, while the first n type semiconductor 
layer 214 of photodetector 2 consists of GaN. In this manner, a ratio may be formed of 
the long wavelength region integrated intensity divided by the integrated intensity of the 
whole band, such that: 

PfT\ — KGaN)-I (AlGaN) _ i I (AlGaN) 
K \* )~ I (GaN) _A KGaN) 

Although four photodetectors 1-4 are shown in FIG. 2, as few as two 
photodetectors 1-2 can be used in accordance with this embodiment of the present 
invention, and there is no maximum number of photodetectors. Additional 
photodetectors may provide more accurate results at the expense of equipment and 
complexity of calculations. 

Additionally, although it is preferred that each of the at least two photodetectors 
in the present embodiment have a substantially similar minimum wavelength of optical 
responsivity, in the event that one or more photodetectors has a different minimum 
wavelength of optical responsivity, one or more filters 12 (shown in FIG. 8) can be used 
to remove wavelengths which are shorter than the desired minimum wavelength of 
optical responsivity so that output signals used for temperature determination have 
substantially similar minimum wavelengths of optical responsivity. Filter 12 preferably 
comprises an optical filter and in one embodiment is situated between substrate 10 and 
photodetectors 1, 2, 3, 4. 

In an alternative embodiment of the present invention, a multiple layer dielectric 
filter 12 is used to determine the short wavelength cutoff of at least one of the 
photodiodes. In one implementations, such a filter may be comprised of alternating 
layers of Hf0 2 and Si0 2 . The presence of such a filter on one of the two SiC photodiodes 
would facilitate formation of a signal resulting from the integrated intensities of all the 
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emission lines from approximately 312 to 400 nm. Conversely, the unfiltered photodiode 
would produce a signal representative of the integrated intensities of all the emission 
lines between 200 and 400 nm. The ratio of these two signals would then be a function 
of temperature. 

Moreover, although the invention is discussed in terms of substantially similar 
minimum wavelengths of optical responsivity for purposes of illustration, it is not 
necessary that it is the minimum wavelengths of optical responsivity which are 
substantially similar. For example, in FIG. 1, the variation in aluminum content can 
occur in first semiconductor layer 114, 214 rather than in second semiconductor layer 
1 16, 216 such that the maximum wavelengths of optical responsivity are similar and the 
minimum wave lengths of optical responsivity vary. 

Regardless of the precise method of obtaining the output signals, the output 
signals resulting in the present invention comprise at least two output signals having a 
different bandwidth with either a substantially similar minimum wavelength of optical 
responsivity or a substantially similar maximum wavelength of optical responsivity. 

By subtracting one of the at least two output signals from the other of the at least 
two output signals, the intensity of the spectral emission lines between the two maximum 
wavelengths can be determined. For example, the output signals of the photodetectors 
are labeled A, B, C, and D on FIG. 7. If output signal B is subtracted from output signal 
A, the resulting signal intensity in the segment signal in the wavelength range of 314 to 
319 nanometers can be compared by computer 34 with a look-up table (which may be 
generated from integrations of curves such as those in FIGS. 3-6 either in graphical or 
digital form) to determine the temperature. 

In the event that the substrate 10 (or optical window) becomes dirty from the 
combustion environment, the signal reduction for each band will be proportionally 
reduced such that the intensity ratio will remain an accurate temperature indicator 
regardless of the substrate or window conditions and the system will be self- 
compensating. 
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As discussed above, accuracy will increase by using additional photodetectors. 
For example, if three photodetectors and two subtractions are performed (A-B and B-C), 
then additional data is present to use in the look-up table and obtain the temperature 
determination. Although it is preferred that the shorter bandwidth output signal be 
subtracted from the longer bandwidth output signal, such orientation is not critical. 
Additionally, for accuracy it is preferred that segment signals from "adjacent" output 
signals such as A-B, B-C, and C-D be evaluated, but non-adjacent segment signals from 
output signals such as A-C or B-D can also be used. 

An even more useful analysis technique, which requires at least three 
photodetectors is to obtain a ratio of intensities of two segment signals. A ratio, like an 
intensity, is self-compensating and is additionally useful for eliminating the effects of 
signal drift caused by variance in a gain of a single signal amplifier. 

In this embodiment, the computer subtracts a respective output signal (B) of a first 
one 1 of a first pair 1, 2 of at least three photodetectors 1, 2, 3 from a respective output 
signal (A) of a second one 2 the first pair of the at least three photodetectors to obtain a 
first segment signal, and the computer further subtracts a respective output signal (C) of a 
first one 3 of a second pair 2, 3 of the at least three photodetectors from a respective 
output signal (B) of a second one 2 of the second pair of the at least three photodetectors 
to obtain a second segment signal. In this example, the ratio is then obtained of the 
intensity of the segment signal resulting from A-B divided by the intensity of the segment 
signal resulting from B-C. The above example is an illustration of one embodiment, any 
of a number of different ratios can be used. For example, a ratio of intensities of C-A/B- 
A can also be used. 

The OH emission band for wavelengths in the 310 nanometer (nm) range is useful 
because in this wavelength region signal intensity is high and little interference results 
from blackbody radiation for combustor wall (not shown) temperatures as high as 1200° 
C. Although the OH emission band is preferred, the principles can be applied to other 
spectral bands or combinations of bands. 
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After the ratio is obtained, computer 34 can use a lookup table to determine the 
combustion flame temperature. The temperature lookup table can be based on ratios of 
integrations of intensities within segments of curves such as shown in FIGS. 3-6. As 
discussed above, additional data points provide increased accuracy. If the computer 
obtains a third segment signal from a third pair of photodetectors and uses it to create an 
additional ratio, that ratio can be used to enhance the accuracy of the temperature 
determination. The third segment signal can be obtained either from the non adjacent A- 
C output signals or, more preferably, from a signal D of a fourth photodiode 4 which can 
provide an segment signal representative of output signals C-D, for example. 

FIG. 8 is a block diagram of a technique for analyzing of the photodetectors of 
FIGS. 1 and 2 in accordance with an embodiment of the present invention illustrating 
detectors 1-4. If desired, signal amplification can be provided by multiplexing signals 
from the detectors into one amplifier 30 or by using a number of separate amplifiers 130, 
230, 330, 430. Preferably the amplification is performed with an analog operational 
amplifier. 

The signals are then converted by either a single analog to-digital (A/D) converter 
32 or by separate A/D converters 132, 232, 332, 432. Then computer 34 can subtract 
respective resulting output signals to obtain segment signals with subtractors 136, 
236,336 and obtain ratios of segment signal intensities with dividers 138, 238 prior to 
using a look up table 40. 

If a multiplexer is used for the amplification and/or the A/D conversion, then the 
computer will include memory for storing individual output signals prior to subtracting 
and dividing. It is further useful for the computer to perform long term time averaging of 
the output signals prior to subtracting so as to reduce effects of noise or flame intensity 
fluctuations. Such time averaging could occur on the order of seconds, hours or days, for 
example. 

In another embodiment, the system can be designed to sense flame outs or 
ignitions rapidly. Information as to flame presence and average temperature can be 
directed on a real time basis to a control system of the computer. Closed loop 15 control 
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can be used to optimize the fuel-to-air ratio for minimizing nitrogen oxide and carbon 
monoxide emissions produced by combustion. 

Referring now to FIG. 9, there is shown a simplified block diagram illustrating an 
alternative embodiment of the flame temperature detection system of the present 
invention. In particular, a combustion flame cell 900 having a monitoring opening 902 
therein houses the combustion flame being monitored. A fiber mount 904 is provided 
adjacent the monitoring opening 902 and houses a fiber optic element 906 that receives 
light output from the monitored flame. As is known in the art, fiber optic elements may 
be manufactured in a variety of lengths and operate to transmit light received on one end 
to the opposite end, with little or no loss in content. 

In addition to the fiber optic element 906, the fiber mount 904 also preferably 
includes a window substrate 908 comprising a substantially transparent material such as 
sapphire (as described above) which can withstand the combustion environment. Further, 
a lens element 910 is provided adjacent the window substrate 908 in the fiber mount 904 
for focusing the received light onto the fiber optic element 906. In one embodiment, an 
adjustable iris 912 or aperture is provided between the monitoring opening 902 and the 
fiber mount 904 for enabling adjustment of the size of the effective monitoring opening. 

In accordance with the present embodiment of the invention, an optical 
spectrophotometer 914 is provided at the opposite end of the fiber optic element 906 for 
receiving light output from the monitored flame across a variety of disparate bandwidths. 
The optical spectrophotometer 914 operates to simultaneously measure the entire 
emission spectrum of the combustion flame through an array of photodiodes working at 
various wavelengths. This facilitated various measurements including spectral output vs. 
position of the flame, as well as spectral output vs. flame temperature. All data presented 
in the following discussion was taken by integrating the spectrophotometer over 3 
seconds and using one average. In one specific embodiment, the spectrophotometer 914 
operates to collect data sets in 2048 point arrays (from 179.33 to 868.75 nm), about every 
0.4 nm, and has a resolution of 1.5 nm. 
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One example of a suitable optical spectrophotometer for use with the present 
embodiment is the SF2000 Miniature Fiber Optic Spectrophotometer manufactured by 
Ocean Optics, Inc.. This device utilizes the fiber optic cable to collect the light and 
transmit it to a diffraction grating. The dispersed light then impinges on a silicon CCD 
(charge coupled device) coated with a phosphor to produce electrical outputs as a 
function of wavelength into the ultra-violet region. Although the resulting resolution is 
not as high as a very narrow slit spectrometer required to resolve individual spectral lines, 
its resolution is perfectly adequate to trace the shape of the OH or other ultraviolet band 
as specified by the present invention. This device utilizes integration times of 1 to 3 
seconds and also requires a relatively large photon intensity to produce good signal to 
noise. In one embodiment, the optical spectrophotometer includes 2048 CCD elements 
operating to detect incoming light between at least 179 to 868 nm. The distribution of 
points varies somewhat over this wavelength range. The spectrometer including the fiber 
optic cable can be calibrated by Ocean Optics over its effective range of 200 to 1 100 nm 
which then gives true relative intensity versus wavelength. 

As described in each prior embodiment, the flame temperature determination 
element of the present embodiment also preferably monitors light emission from OH 
molecules of a combustion flame, although other molecules may also be monitored. In 
the present embodiment, the light emission spectrum is measured using the optical 
spectrophotometer 914, rather than distinct photodiode devices. The OH emission band 
emits light primarily in the range of 280 to 320 nm. As stated above, it has been found 
that the distribution of the OH light emission changes with temperature in such a way as 
to be able to determine the absolute temperature of the flame by monitoring these 
emissions. Specifically, as temperature changes, the longer wavelengths of the OH 
emission band change in intensity faster than the shorter wavelengths. 

Accordingly, the OH band of the light emission spectrum is monitored and the 
temperature is determined by taking the ratio of at least two discrete portions of the 
measured OH band emission spectrum. In one embodiment, the ratio could be the 
integrated intensity of a long wavelength region which changes rapidly with temperature 
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divided by a short wavelength region which changes only slightly with temperature. 
Such a computational process may be performed by an attached processor, such as a PC 
or other suitable device. It should be understood that although the present embodiment 
discusses only the OH band, the present invention is not limited to such an embodiment 
and may easily be adapted to monitor other lines such as CO, HCO, CN, CH or NOx 
based emission or any suitable combination of these bands, which could all conceivably 
be used for temperature determination by themselves or in conjunction with other 
elements. 

In accordance with an alternative embodiment of the present invention, multiple 
fiber mounts 904 are simultaneously utilized to monitor combustion flame temperature at 
several different combustion cells. The output from each associated fiber optic element 
906 is then collected together at one spectrophotometer 914. The individual output 
signals are preferably multiplexed together using optical switching. In this manner, data 
from multiple combustion cells may be monitored together for determination of potential 
trends or other combined effects. 
EXAMPLE FLAME TEMPERATURE DATA 

The following experimental data was generated through a series of experiments in 
various controlled environments. By changing the fuel flow for various runs, data at 
various temperatures was obtained. In the present example, tests were performed starting 
at a high temperature of about 3200°F; sweeping down to about 2700°F and then 
returning to the high point of 3200°F. Temperatures in each test were independently 
monitored by an conventional 0 2 temperature probe. The resulting normalized 
spectrophotometer data for six discrete temperatures is shown in FIG. 10. 

The graph of FIG. 10 clearly shows a monotonic change in the intensity in the 
long wavelength region of the OH band between 310 and 340 nm and the very small 
change in intensity which occurs between 305 and 310 nm. Accordingly, the data from 
these two wavelength bands were integrated and utilized to obtain the ratio of the present 
invention. The ratio may be illustrated by the following expression: 
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where represents the measured intensity for a wavelength X. 

FIG. 1 1 illustrates a graph of this intensity ratio data for two sets of temperature 
sweeps. As stated above, these ratio's were obtained by integrating flame intensity 
between 310 and 340 nm (ratio's numerator) and flame intensity between 305 and 310 nm 
(ratio's denominator). As shown in FIG. 11, the resulting sensitivity to a temperature 
change of only 20°F is approximately 2.4% and illustrates excellent linearity. Similarly, 
FIG. 12, illustrates a graph of temperature versus measured ratio for the same data and 
shows a prediction interval of ± 30°F and a confidence interval of only ±10°F. By 
comparing the measured ratios with independently established reference ratios correlating 
to specific temperatures, for example in a computer look-up table, the present 
embodiment provides an efficient and accurate means for optically monitoring flame 
temperature in a combustion cell. 
ADDITIONAL ASPECTS 

Fuel quality differs heavily in various parts of the world where combustor systems 
may be located. Accordingly, it is highly desirable to detect and determine which (if any) 
contaminants may exist in a particular environment, such as sodium (Na), sulfur (S), 
potassium (K), calcium (Ca), lead (Pb), and vanadium (V). These contaminants, if 
present, may burn and form reactants which disadvantageous^ coat the inside of the 
chamber (combustor) walls, in some cases clogging air flows which prohibit the system 
from running optimally. In accordance with the present embodiment, monitoring the 
combustion flame cell by the optical spectrophotometer of the present embodiment 
simultaneously enables the monitoring of potentially harmful contaminants burning in the 
combustion cells. For impurities identification, the spectral emission lines of these 
elements give off characteristic light having a known wavelength. This emission is 
mainly from electron energy level transitions which are determined by the atomic 
properties of the respective elements. These lines, when monitored with the 
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spectrophotometer would potentially allow for a warning condition at which time, the 
fuel source would be cleaned appropriately. 

In addition to temperature measurement, the optical spectro-photometer of the 
present embodiment may also be utilized to monitor the spectral emission of a taggant 
coating applied beneath the thermal barrier coatings (TBCs) on the inner walls of the 
combustion chamber prior to being introduced to service. One example of a suitable 
taggant material is europia doped yittria stabilized zirconia (YSZ:Eu). When the walls 
coated with such a taggant material erode and are exposed to heat, the taggant (YSZ:Eu) 
is exposed and fluoresces at around 610 nm. In this manner, the taggant acts as an 
odometer which gauges the effective life on the system. 

The system and method of the present embodiment provide for enhanced optical 
combustion cell monitoring by enabling accurate measurement of the temperature of a 
gas combustion flame in real time thereby allowing optimization of turbine efficiency, 
reduction in pollution emissions, and a better estimation of turbine service life before 
requiring overhaul. Additionally, the presence of known impurities or taggant odometer 
coatings using the same real-time signal, could also be determined. All of these can be 
done in parallel, providing a wealth of real-time combustion cell data. 

While only certain preferred features of the invention have been illustrated and 
described herein, many modifications and changes will occur to those skilled in the art. It 
is, therefore, to be understood that the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit of the invention. 
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